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Agency Problem

Office of Water and states require approaciresmethods to develop and apply criteria thatsupport
I relationships between nutrient loading auogical responses for coastal aguatic resouftes.

ntrations of dissolved oxygen (DO). Thesetiaziships can provide the Office of Water with thuestific
required to develop numeric nutrient crigratective of aquatic lie, and thereby providestifically valid
faches for protecting the ecological integsitpquatic ecosystems from excess nutrients, ipsupf EPA’s
b provide clean and safe water,

ated uses for aquatic systems. Effects-Issiation to this problem requires detevmlnammmrnlanve and

cally addresses linkage between nirogediigand degradation of benthic habitat qua\mumng reduced

Resear ch Goals

To quantify relationships between nutrient loactmgi benthic response for development of numeridemitcrieria protective of aquatic life.

Anticipated effects of increased loading of nitroge estuarine systems include increased frequendior duration of hypoxia and a general degradatiahe quality of benthic habiat. Two
approaches have been used to assess the deghesebffects:
- use of sediment profile imagery (SP) to measuix lphysical and biological indicators of benthandition at the sediment-water interface
- measurement of the element molybdenum (Mo) insedis as a geochemical marker of the duration pbkiy conditions
Hypoxic conditions may also affect activity of beiatorganisms, which in turn may affect sedimenigechemical properties, so we have investigatetiects of hypoxia on the burrowing
behavior of three common estuarine species, ansbrpient effects of said burrowing on those pragerti

Use of Molybdenum asa M arker oHypoxic Conditions

Methods & Approach
inary field studies (right) have shown thatlybdenum (Mo)
umulates in sediments under hypoxic water cimndiand that the
umulation can be related to the duration arehity of those
ditions

fer to use molybdenum concentrations in sedisrE determin
duration and intensity of prior hypoxic pesiodie set out to:

rmine the accumulation rate of Mo in sedimesta function of
concentration under controlled exposures camit(laboratory)
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rates derived from laboratory experimentsiéld sediments
ing concurrent and historical measure ments of DO

verified, accumulation rates of molybdenursedime nts may be used to determine the temporatieate
oxia in New England estuaries

Mo in surface sediments reflects occurrence obixgpintegrated over mutti-year time frame, shawkect
ionger term trends in N loading and benthic respons

Mo less variable temporally ontime of
ampling.

less stringent

nwich Bay sediment (3.4% TOC) expuseu
seawater wih controlled .
solved oxygen

4

leve's in range of 0.7 - 3.5 mg/L and
britrol (saturated)

bdiments sampled biweekly for 12 weeks

eH(my Redox profiles reveal akeration in sediment cciodt
m

After 84 days, all sediments except controls more
reduced than nitial conditions, with redox potahti
discontinuity (RPD) 0.5~ 1 cm below sediment stefac

In control exposure, surface sediments oxidizdatie
to initial condition

Mo accumulation in laboratory-exposed sediments

lesized that Mo should accumulate at a ralepandent

b concentration below critical value, estimath field H ¥iel
vations as ~3 mg/L T
of Mo vs. time in exposures provide auttigen E R ERE—

ulation rates

imentally determined rates essentally condta
kures < 3 mglL, decrease at higher concemsatio

Mo accumulation rate = 5.46076 ng/crh - - i
o
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DO exposure concentation (mgiL)

b of Mo accumulation rate determined in fieddisnent to laboratory rate should provide frequesicypoxic
onditions

Sediment profile cameras image the sediment

We analyzed images using the Nilsson and

1) We tested correlations between BHQ and 5 ¢,

2) We are producing a technical guidance

3) We examined relationships between estimatecaHiify

We found significant relationships between BHQ and

Sediment Profile Imagery (SPI) and Nutrient Pollution
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Benthic Successional Stages after
Pearson & Rosenberg 1976, Nilsson & Rosenberg 1997

= frame~y,

camer:

faceplate’

mirror

Methods & Approach

in cross-section and are rapid to use in the
field, allowing good spatial coverage.

Rosenberg (1997) Benthic Habitat Qualty
(BHQ) index (range: 0-15), calculated
from evidence of benthic infauna and depth
of the apparent Redox Potential
Discontinuity (aRPD).

BHQ Stage = “successional stage deriy
from BHQ after Nilsson and Rosen!
(1997), corresponds to ranges of Bl
modified by adding Stage -1 for BHQ =0 12,0
to provide better resolution, as our data
clustered at the low end of the range

DO and BHQ at Greenwich Bay 1
— Max Daily DO
— Mean Daily DO
~Min Daily DO
so{ ® BHQ (range)

Results

DO, mgL
5

measured DO in a field experiment.
Data from one of three stations are 00

shown. 3 3

15-Aug!

document for consistent analysis of
sediment profile images, based on expert
consensus from a workshop we hosted.
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BHQ identified environments that had experienceatieely high or
low DO over the preceding four weeks (Cicchette@006)

0 aRPD

bacterial mat
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(estimated using a watershed model and adjusteestoarine
volume and residence time — see accompanying paster)
benthic condition for 29 small estuarine systemsSoathern
New England’s coastline.

- Narragansett Bay: 8 systems - 2000, 2001, 2003

- Buzzards Bay/lslands: 13 systems - 2001

« ConnecticutBlock Island: 8 systems - 2003

estimates of nitrogen load for classes of systems. a5

Alarge part of variabilty in these relationships
was ot accounted for by the factors we

But:
10 ‘

R:=096

considered

0s
N\gos,

Further explorations of data are needed to
examine other factors to account for variability

mean BHQ Stage
(muli-year averages)
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Development of Nutrient Criteria °

Comparative empiical approaches based on SPI miettan  provide

the type of data needed to develop nutrient caiteri
SPI resuls relate to DO and nutrient load, andhmeasily
communicated as ecological effects

Comparative empiical approaches can bypass séfhe o
complexity of natural systems to produce workingtienships
Classffication and normalization are required, éogsystem
morphology, residence time of water in estuary, etc
Predictions are limited to classes of systemswiure sampled for
model construction.
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Exchanges water with
® Atantic Ocean
® Buzzards Bay
© NamagansettBay.
* LongIsiand Sound

Influence of Hypoxia on Bioturbation

Methods & Approach
AED's state-of-the-art dissolved oxygen faciltyedsto investigate burrowing behavior
+ three common estuarine species (the hard bencenaria mercenaria, clam wormereis virens, and
amphipod_eptocheirus plumulosus)
+ normoxic (7 ppm) and mildly hypoxic (2 ppm) corigits.
+ examined burrow construction by CT scanning sediroeres at a local hospital
+ examined redox profiles using a Pttipped comizimamicroelectrode
+ experiment conducted for four months, with periomieasurements of redox profiles

Sediment Bioturbation Experiment

Impact and Outcomes

Utimate goal of inform
criteria for nutrients

of effects-based nurakri

- Current research is developing tools and appraatita will enable more rapid assessment of degrade
benthic conditions over greater spatial scaleshetir integrate the effects of benthic stress tirer and
space

. may integrate
(Mo).

+ could be incorporated into regional sediment muirig programs

week) (SPI) or long (2-10 year) term

- DO/benthos interactions serve to refine our urtdexting of what constitute critical levels of DOdan
nutrient loading to water bodies and gain a morepete understanding of the role nutrient

Poys— Pov— enrichment plays in benthic ecosystems, includifiepes more subtle than survival alone
w| o ww « Stressor-response models constructed throughfubese tools will enable Agency to provide more
: precise and reliable quantiative estimates ofoesfef added nutrients in estuarine systems
Results £ B« « should provide the basis for P for nutrients in
i ke abilty to predict in benthic to nutrients options
- implementation of criteria in tun should resuta heatthier, more diverse and productive be ntios,
eH profiles oo e addition to reduced impacts in other portions aistal systems (see related posters)
- Profiles of redox potential were affected , o e P
by dissolved oxygen concentration, but ‘
not by the presence of animals g 5.
« No interaction effect of dissolved oxygen i i :
concentration and species on redox
potential profile ‘Avaiped o=
« Results suggest that dissolved oxygen wo| e ome o w Future Dir ections
concentrations did not influence the
animals’ impact on sediment redox gl
chemistry e Sediment profile imagery:
O - Identify issues with benthic response model, wiad validate model, including:
— — - residence time submodel to include restrictions
i o + N loading submodel to include seawater N inpuisenN or carbon inputs, freshwater flow
3 . + stratification
g2 o « sampling strategy
£ §e «  Determine how to link benthic response to and to

CT Scansof Sediment Cores from Experimental Chambers

Nereis virens, mildly hypoxic

Nereis virens, normoxic Leptocheirus plumulosus, normoxic

CT scan images show burrows made by the the
By viewing only voxels (3-D pixels) having the sainsity as water, we are able to view burrows ninde
animas.
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Animals did affect the amount of water in the sezfir(ie. burrows)
+ No interaction of dissolved oxygen concentratiad apecies, suggesting hypoxic conditions did ffeca.
animals' burrowing behavior

- Measurements of burrow depth and density wererioibsive, showing no statistical difference butrsirey
to indicate that if animal density was increasesiits may be discemnble

Use of Mo as indicator of hypoxic conditions:
Verity laboratory-derived accumulation rates el sites

comprehensive sampling of surface sediments frem England estuarine systems

Assessment of frequency/duration of hypoxic cdoit

Examine correlation between estimated nitrogedifaand frequency/duration of hypoxic conditioas vith
SPI analyses)

Repeat benthic activity experiments using loweelewf dissolved oxygen

- Experiment involved relatively mild level of hypax(2 mgL), possible more severe hypoxia wil haveater
effects on animal behavior and consequent effaciediment redox potential

- test other common burrowing species using a sireiperime ntal design
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